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Figure 1 - Starting sequence used for the codon modification of MUC1. The MUC1 
expression cassette sequence is taken from the vector JNW656. Start and stop 
codons are bolded. Kozak sequence is italicised. Restriction sites are underlined. 

5 |CIAGCGCC/\CCATGTCIAGMCACCGGGCACCCAGTCTCCTTTCT^ 

^GCTCCTC^C^GTQCTTACAQTTGTTACAGGTTCTOaTCAT^QCT^ 
CCCAGGTGGAGAAAAGGAGACTOGGCTACCCAGAGAAGTO^ 

CCGGTTCAGGCTCCTCCACCACTCAGGGACAGGATGTCACTCTGGCCCCGGCC 
ACGGAACCAGCTTCAGGTTCAGCTGCCACCTGGGGACA^ 

CCCAG J CA £ CAGGCCAGC ^ 

A S G S A ?S CCCGGACAACAA GCCAGCCCCGGGCTCCACCGCC^^^ 
ACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCGGGCTCCAOCGCCC^ 
CCCAGCCCACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCC^ 
ACCGCCCCCCCAGCCCACGGTGTCACCTCGGCCCCGG^ 
^ GGC IS^ CCGCCCCCCCAGCCCACGGTGT CACCTC^G^ 
GCCCGCCCCGGGCTCCACCGCCCCCCCAGCCCACGGTGTCACCTC^GGCCCC? 
GACACCAGGCCCGCCCCGGGCTCCACCGCGCCCGCAGCCCACGGTGTC^ 

cggccccggacaccaggccggccccgggctccaccgccccccaaSccca^ 

GTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCG^ 

JTpTACTCTGGTGCACAACGGCACCTCTGCCAGGGCTACCAC/^C^CC(^GCCA 
GCAAGAGCACTCCATTCTCAATTCCCAGCCACCACTCTGA^ 
TTGCCAGCCATAGCACCAAGACTGATGCCAGTAGC/^TX^ 
CCTCCTCTCACCTCCTCCAATCACAGCACT^ 

TCTTTCTTTTTCCTGTCTTTTCACATTTCAAACCTCCAGm 
AGATCCCAGCACCGACTACTACCAAGAGCTGCAGAGAGA^^^ 
^ GGAG A^ 

GCCAGGATCTGTGGTGGTACAATTGACTCra 

atgtccacgacgtggagacacagttcaatcagtataaaa^^^^ 

GATATAACCTGACGATCTCAGACGTCAGCGTGAGTG^ 
CTGCCCAGTCTGGGGCTGGGGTGCCAGGCTGGGG^ 
GGTCTGTGTTCTGGTTGCGCTGGCCATTGTCTATCTCATTG^^ 
TCAGTGCCGCCGAAAGAACTACGGGCAGCTGGAC^ 

CCCCCTAGCAGTACCGATCGTAGCCCCTATGAGAAGGTTTCTGCAGGTAATro 
GjSS C G^ 
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Figure 2 - MUC1 sequence devoid of the 7x VNTR repeat sequence, prior to codon 
modification. The start and stop codons are bolded. Restriction cloning sites are 
underlined. The Blpl and BbvCI sites for insertion of the 7x VNTR fragment are 
double underlined. 

5 

ATGJ^TAGAACACCGGGCACCCAGTCTCCTTTCTTCCTGCTGCTGCTCCTCACA 
G J GC TI ACA ^^ 

AAGGAGACTTCGGCTACCCAGAGAAGTTCAGTGCCCAGCTCTACTGAG^GAA 
^^^^^^^^®®QACAGGATGTCACTCTGGCCCCGGCCACGGAA^^^CT 

T,^ ^^®^®^^^^^®gggacaggatgtgacctcg^gtccca^to^qS^ 
gccagccctgggctccaccaccccgccagcccacgatgtc^ 

GACAACAAGCCCAATGTCACCTCGGCCTCAGGCTCTGCATCA^^^C?t§ 

^AGCACTCCAJTCTCAATrCCCAGCCACCACTCTGATACTCCJACCACCC^G 

CCAGCCATAGCACCAAGACTGATGCCAGTAGCACTCAC^T/^CACGGTACCT 
^^CCTCCTCCAATCACAGCACTTCTCCCCAGTTG^ 

^AG^CCGACTACTA^ 

GCAGATTTATAAACAAGGGGGTTTTCTGGGCCTCTCCAATATTAA^CAGGC^ 
AG ^ A I CTGTGGTGGTACAA ™^^ 

? CACGA f G J GGAGA ^^^ 

TAACCTGACGATCTCAGACGTCAGCGTGAGTGATGTGCCATTTC^^ 
CCAG I£r GGGG CTGGGG 

KIS^ GG ^ GCGCTGGCCA ^ GTCTATCTG ^^ 

CTAGCAGTACCGATCGTAGCCCCTATGAGAAGGTTTCTGCAGGTAATGGTfirr 
AGA A AG CTCTCTTACACAAA ^ 
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Figure 3 - Two representative MUC1 codon modified sequences 
Sequence 1 



Sequence 2 



G 2?IS CACACTGGTG ^^^ 

■mum™ 
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GCTCGTGTTGGTGTGCGTGCTCGTGGCCCTCGCCATCGTGTACCTGATCGCCC 
TGGCCGTCTGTCAGTGCAGGAGAAAGAACTATGGGCAGTTGGATATCTTCCCC 
GCCAGGGACACCTACCACCCCATGTCCGAGTACCCCACCTACCACACCCACGG 
CCGCTATGTCCCTCCCTCCTCGACCGACCGCTCCCCTTACGAGAAGGTGAGCG 
5 CCGGCAACGGAGGCAGCTCCCTGTCCTACACCAACCCTGCCGTGGCCGCCAC 
AAGCGCCAACCTGAGCCGCTGA 
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Figure 4 - Engineered MUC1 codon modified sequence including restriction sites 
(underlined), Kozak sequence (italicised), start and stop codons (bolded), BbvCI 
(boxed) and Blpl (boxed). The later two features are essential for the re-introduction 
of the 7x VNTR fragment. 

5 

GCAG GCGGCCGCGCTAGC GCC^CCATGTCTAGAACCmTnnnAnnnAnTmn 
CCTTCTTTCTCCTGCTGCTGCTCACCGTGCTGACCGTCGTGACCGGCAGTGGG 
CATGCGTCCTCGACGCCCGGCGGCGAGAAGGAGACCAGTGCTACCCAGCGCA 
GCTCTGTGCCTTCCAGCACGGAGAAGAACGCTGTGAGTATGACTTCCTCCGTG 
1 0 CTGTCCTCCCATAGCCCCGGCTCGGGCAGCTCCACCACCCAGGGGCAGGACG 
TGACACTGGCTCCCGCAACCGAGCCCGCCTCTGGCTCTGCCGCCACCTGGGG 
CCAGGACGTGACATCCGTGCCCGTGACCCGCCCCGCCCTGGGCAGCACCACC 
CCCCCTGCTCATGACGTC AJCCTCAGCIGC CTGACAACAAGCCTAACGTGACGTC 



CGCTTCCGGCAGCGCCTCCG |GCTCAGC| CTCCACACTGGTGCATAACGGAACCT 



15 CCGCGCGCGCCACCACCACCCCAGCGAGCAAGAGCACCCCCTTCTCTATCCCC 
TCCCATCATAGCGACACACCCACCACGCTGGCCAGCCATAGCACCAAAACCGA 
CGCCTCTAGCACCCACCACTCCACGGTGCCCCCCCTGACCTCCAGCAACCATT 
CTACCTCCCCCCAGCTGTCCACGGGGGTGAGCTTTTTCTTCCTGTCCTTCCATA 
TCAGCAACCTCCAGTTCAATTCCTCTCTGGAGGACCCCAGCACCGACTACTACC 

20 AAGAGCTGCAGCGGGACATCTCCGAGATGTTCCTGCAGATCTACAAACAGGGC 
GGCTTCCTGGGATTGAGCAACATCAAGTTCCGCCCCGGGTCCGTGGTGGTGCA 
GCTCACCCTGGCCTTCAGGGAGGGCACCATCAACGTGCATGACGTCGAGACCC 
AGTTCAATCAGTATAAGACCGAGGCCGCCTCCCGGTACAACCTGACGATCAGC 
GACGTGTCTGTGTCCGACGTGCCCTTCCCCTTCTCCGCACAGTCCGGCGCCGG 

25 CGTGCCGGGCTGGGGCATCGCCCTGCTCGTGTTGGTGTGCGTGCTCGTGGCC 

CTCGCCATCGTGTACCTGATCGCCCTGGCCGTCTGTCAGTGCAGGAGAAAGAA 

CTATGGGCAGTTGGATATCTTCCCCGCCAGGGACACCTACCACCCCATGTCCG 

AGTACCCCACCTACCACACCCACGGCCGCTATGTCCCTCCCTCCTCGACCGAC 

CGCTCCCCTTACGAGAAGGTGAGCGCCGGCAACGGAGGCAGCTCCCTGTCCT 

30 ACACCAACCCTGCCGTGGCCGCCACAAGCGCCAACCTG TCTAGAT G ACTCGAG 
GGATCCGCAG ~ 
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Figure 5 - Final codon modified sequence of the MUC1 expression cassette 
containing the 7x VNTR fragment from JNW758. This cassette has a codon 
coefficient index of 0.699. Restriction sites are underlined, start and stop codons are 
bolded, the Kozak sequence is italicised, the BbvCI and Blpl sites are boxed, and the 
5 positions of the two silent mutations are double underlined. 

GCI^GCC>ACCATGTCIAGMCCCCTGGCACCCAGTCCCCCTTCTTTCTCCTG 
CTGCTGCTCACCGTGCTGACCGTCGTGACCGGCAGTGGGCATGCGTCCTCGA 
CGCCCGGCGGCGAGAAGGAGACCAGTGCTACCCAGCGCAGCTCTGTGCCTTC 
CAGCACGGAGAAGAACGCTGTGAGTATGACTTCCTCCGTGCTGTCCTCCCATA 
GCCCCGGCTCGGGCAGCTCCACCACCCAGGGGCAGGACGTGACACTGGCTCC 
CGCAACCGAGCCCGCCTCTGGCTCTGCCGCCACCTGGGGCCAGGACGTGACA 
TCCGTGCCCGTGACCCGCCCCGCCCTGGGCAGCACCACCCCCCCTGCTCATG 
ACGTCA|CCTCAGClCCCGGACAACAAGCCAGCCCCGGGCTCCACCGCCCCCCC 
AGCCCACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCGGGCTCCACC 
GCCCCCCCAGCCCACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCG 
GGCTCCACCGCCCCCCCAGCCCACGGTGTCACCTCGGCCCCGGACACCAGGC 
CGGCCCCGGGCTCCACCGCCCCCCCAGCCCACGGTGTCACCTCGGCCCCGGA 
CACCAGGCCCGCCCCGGGCTCCACCGCCCCCCCAGCCCACGGTGTCACCTCG 
GCCCCGGACACCAGGCCCGCCCCGGGCTCCACCGCGCCCGCAGCCCACGGT 
GTCACCTCGGCCCCGGACACCAGGCCGGCCCCGGGCTCCACCGCCCCCCAAG 
CCCACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCGGGCTCCACCGC 
CCCCCCAGCCCATGGTGTCACCTCGGCCCCGGACAACAGGCCCGCCTTGGGC 
TCCACCGCCCCTCCAGTCCACAATGTCACCTCGGCCTCAGGCTCTGCATCAGlGl 
ICJCAG^CTCCACACTGGTGCATAACGGAACCTCCGCGCGCGCCACCACCACCC 
CAGCGAGCAAGAGCACCCCCTTCTCTATCCCCTCCCATCATAGCGACACACCC 
ACCACGCTGGCCAGCCATAGCACCAAAACCGACGCCTCTAGCACCCACCACTC 
CACGGTGCCCCCCCTGACCTCCAGCAACCATTCTACCTCCCCCCAGCTGTCCA 
CGGGGGTGAGCTTTTTCTTCCTGTCCTTCCATATCAGCAACCTCCAGTTCAATT 
CCTCTCTGGAGGACCCCAGCACCGACTACTACCAAGAGITGCAGCGGGACATC 
TCC GAG ATGTTCCTG CAG ATCTACAAAC AG G GCGG CTTCCTG G G ATTG AG C AA 

CATCAAGTTCCGCCCCGGGTCCGTGGTGGTGCAGCTCACCCTGGCCTTCAGG 

GAGGGCACCATCAACGTGCATGACGTCGAGACCCAGTTCAATCAGTATAAGAC 

CGAGGCCGCCTCCCGGTACAACCTGACGATCAGCGACGTGTCTGTGTCCGAC 

GTGCCCTTCCCCTTCTCCGCACAGTCCGGCGCCGGCGTGCCIGGCTGGGGCA 

T$?5? CTGCTCGTGTTGG TGTGCGTGCTCGTGGCCCTCGCCATCGTGTACCTG 

ATCGCCCTGGCCGTCTGTCAGTGCAGGAGAAAGAACTATGGGCAGTTGGATAT 

CTTCCCCGCCAGGGACACCTACCACCCCATGTCCGAGTACCCCACCTACCACA 

CCCACGGCCGCTATGTCCCTCCCTCCTCGACCGACCGCTCCCCTTACGAGAAG 

GTGAGCGCCGGCAACGGAGGCAGCTCCCTGTCCTACACCAACCCTGCCGTGG 
CCGCCACAAGCGCCAACCTGTCTAGATGACTCGAG 
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Figure 6 - Comparison of expression of native MUC1 (JNW656) and codon modified 
MUC1 (JNW758) following transient transfection into CHO cells. 
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Figure 7 - Comparison of the IFNy ELISPOT cellular responses following PMID 
immunisation with pVAC empty (control), 7x VNTR MUC1 (JNW656) and codon 
modified 7x VNTR MUC1 (JNW758). SAP is the CD8 MUC1 epitope SAPDNRPAL. 
5 Each bar represents an individual mouse. 
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Fig 8. Comparison of the IL-2 ELISPOT cellular responses following PMID 
immunisation with PVAC 7 VNTR, PVAC 7 VNTR-PADRE-C (codon optimised 
sequence) , PVAC 7 VNTR-PADRE-C (wt sequence), PVAC 7 VNTR-PADRE C/N' 
(codon optimised sequence) and PVAC empty (control). Responses were read using 
5 SAP (CD8 T cell MUC1 peptide), 298/9 (CD4 T cell MUC1 peptide) and PADRE 
peptide. Analysis was performed at day 28 (A) and 49 (B). 
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Figure 9 

7x VNTR MUC1 (plasmid JNW656) 

Protein sequence 

5 

MSRTPGTQSPITLLLLLTVLTVVTGSGHASSTPCKrEKETSATQRSSVPSSTEKN 
AVSMTSSVI^SHSPGSGSSTTQGQDVTIAPATEPASGSAATWGQDVTSVPVT 
RPALGSTTPPAHDVTSAPDNKPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHG 
VTS APD TRP AP GS T APP AHG VTS APDTRP APGS T APP AHGVTS APDTRP AP GS 
10 T APP AHG VTS APDTRP AP GS T AP AAHG VT S APDTRP AP GS T AP Q AHG VTS APD 

TRP APGSTAPP AHGVTS APDNRPALGSTAPPVHNVTSASGSASGSASTLVHNG 

TSARATTTPASKSTPFSIPSBHSDTPTTLASHSTKTDASSTHHSTVPPLTSSNHS 

TSPQI^TGVSFFFLSFfflSNLQFNSSLEDPSTDYYQELQRDISEMFLQIYKQGGF 

LGLSNKFRPGSVWQLTLAFREGTINVHDVETQFNQYKTEAASRYNLTISDVS 

VSDWFPFSAQSGAGWGWGIALLVLVCVLVALAIVYLIALAVCQCRRKNYG 

QLD1FPARDTTHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAGNGGSSLSYTN 
PAVAATSANLSR. 

DNA sequence 

ATGTCTAGAACACCGGGCACCCAGTCTCCTOTCTTCCTC 

TCATGCAAGCTCTACCCCAGGTGGAGAAAAGGAGACTTCGGCTACCCAGAGAAGTTCAGTGCCCAGCTCTACTCAGAAGA 
ATGCTGTGAGTATGACCAGCAGCGTACTCTCCAGCCACAGCCCCGGTTCAGGCTCCTCCACCACTCAGGGACAGGATGTC 
ACTCTGGCCCCGGCCACX3GAACCAGCTTCAGGTTCAGCTGCCACCTGGGGACAGGATGTCACCTCGGTCCCAGTCACCAG 

CCCCCCCAGCCCACGGTGTCACCTCGGCCCCGGACACCAGGCCGGCCCCGGGCTCCACCGCCCCCCCAGCCCACGGTGTC 

ACCTCGGCCCCGGACACCAGGCCGGCCGCGGGCTCCACCGCCCCCCCAGCCCAGGGTGTCACCTCGGCCCCGGACAGCAG 
GC ^CCGGGCTCCACCGCCCCCCCAGCCCACGG TC ^^ 

CCCCCCCAGCCCACGGTGTCACCTC^CCCCGGACACCAGGCC^ 

ACCTC^CCCCGGACACCAGGCCGGCCCCGGGCTCCACCGCCCCCCAAGCC^OSGTGTCACCT 

GCCGGCCCCGGGCTCCACCGCCCCCCCAGCCCATGGTGTC^CCTCGGCCCCGGACAA^GGCCCGCerrGGGCTCCACCG 

CCCCTCCAGTCCACAATGTCACCTCIGGCCTCAGGCTCTGCATCAGGCTCAGCTTCTACTCTGGTGCACAACGGCACCT 

GGCAGGGCTACCACAACCCCAGCCAGCAAGAGCACTCCATTCTCAATTCCCAGCCACCAC^CTGATACTCCTACCACCCT 

TGCCAGCCATAGCACCAAGACTGATGCCAGTAGCACTCACCATAGCACGGTACCTCCTCTCACCTCCTCCAATCACAGCA 
CTTCTCCCCAGTTCTCTACTGGGGTCTCTTTCTTTTTCCTGTCTTTTCACATT^ 

GAAGATCCCAGCACCGACTACTACCAAGAGCTGCAGAGAGACATTTCTGAAATGTTTTTGCAGATTTATAAACAAGGGGG 
TTTTCTGGGCCTCTCCyUVTATTAAGTTCAGGCCAGGATCTGTGGTGGTACAATTGACTCTCGCCTTCCGAGAAC^ 
TCAATGTCCACGACGTGGAGACACAGTTCAATCAGTATAAAACGGAAGC 



ICAGCCTCTCGATATAACCTGACGATCTCAGAC 

JGT 

^ < "* > ^' r< "' T< ^ T< ^ 1 TCTG 3TTGCGCTGGCCATTG ^CTATCTCATTGCCTTGGC^^TCTGTCAGTGCCGCCGAAAGAAC'rACG 

CTACCACACCCATGGGCGCTAT 



GTCAGCGTGAGTGATGTGCCATTTCCTTTCTCTGCCCAGTCTOGGGCTGGGGTGCCAGGCTGGGGCATCGCGCTGCTGG 
rTGCGCTGGCCATTGTCTATC 

GGCAGCTGGACATCTTTCCAGCCCGGGATACCTACCATCCTATGAGCGAGTACCCCACl 
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GTGCOCCCTAGCMTAC^ 

CCCAGCAGTGGCAGCCACTTCTGCCAACTTGTCTAGATAG 
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